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FOREWORD 


This  report  describes  a  one  pass  assembler  built  by  the  MITRE 
Corporation  for  a  family  of  mic reprogrammable  computers.  It  is  in 
partial  fulfillment  of  Project  7120  under  Contract  No.  F19(628)-68-C- 
0365.  It  was  prepared  under  the  cognizance  of  Mr.  Robert  W.  Cornelli 
of  the  MITRE  Corporation,  Bedford,  Massachusetts.  The  USAF  project 
monitor  is  Mr.  Russell  A.  Meier. 
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ABSTRACT 


MI-3  is  a  primitive,  interactive,  one  pass  assembler  which 
assembles  in-core  code  for  a  family  of  microprogrammed  computers 
based  on  an  Interdata  3  (1-3)  micromachine. 
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SECTION  I 


INTRODUCTION 


MI-3  is  a  primitive,  interactive,  one  pass  assembler  which 
assembles  in-core  code  for  a  family  of  microprogrammed  computers 
based  on  an  Interdata  3  (1-3)  micromachine. 

Versions  of  MI-3  have  been  assembled  and  operate  under  the 
Calliope  and  Venus  microprograms.  Calliope  is  a  MITRE- produced 
superset  of  the  1-3  delivered  machine.  Venus,  also  MITRE  pro¬ 
duced,  provides  multiprogramming  capabilities;  it  includes  most 
instructions  implemented  in  Calliope,  plus  many  others. 

MI-3  was  written  for  interim  use,  to  allow  time  for  a  more 
powerful,  flexible  and  useful  assembler  to  be  built.  As  a  result, 
it  betrays  a  number  of  anomalies  and  idiosyncracies  not  normally 
to  be  expected  of  a  more  finished  product.  These  are  described 
in  Section  VII. 
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SECTION  II 


DATA  TYPES 


INTEGERS 

All  integers  are  represented  in  the  MI-3  Assembly  languages  in 
hex  (base  16)  as  a  string  of  hex  digits.  No  facilities  are  provided 
for  representing  integers  in  either  decimal  or  binary. 


SYMBOLS 

Three  kinds  of  symbols  are  implemented  in  MI-3,  known  as  S,  G 
and  L  symbols. 

S  Symbols 


An  S  symbol  is  formed  by  writing  S  followed  by  two  hex  digits. 
These  symbols  are  unusual,  in  that  they  may  be  defined  as  often  as 
desired.  When  S  symbols  are  referenced,  a  B  or  F  must  be  appended, 
specifying  whether  the  symbol  is  defined  before  (Backward)  or  ahead 
(Forward)  of  the  reference. 

The  occurrence  of  a  backward  S  symbol  in  a  line  of  code  refers 
to  the  closest  previous  definition  of  that  symbol.  The  occurrence 
of  3  forward  S  symbol  in  a  line  of  code  refers  to  the  closest  fol¬ 
lowing  definition  of  that  symbol.  S  symbol  references  never  refer 
to  the  line  of  code  in  which  they  occur. 

Thus,  for  example, 

S01  LHI  R6, S01F 


S01  BAL  R7 , S01B 

The  S01F  in  the  LHI  refers  to  the  S01  on  the  BAL.  The  S01B  on 
the  BAL  refers  to  the  S01  on  the  LHI. 
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G  and  L  Symbols 


G  and  L  symbols  consist  of  the  letter  G  or  L  followed  by  1  to 
5  characters  chosen  from  the  alphabet  and  the  digits. 

For  example: 


LSA4 

G123U1 

LPQRST 

Usage  of  G  and  L  symbols  is  presently  identical.  An  unimple¬ 
mented  addition  would  limit  the  scope  (the  set  of  statements  over 
which  they  are  defined)  of  L  symbols  so  that  they  become,  in  a  sense, 
Local.  G  symbols  would  not  be  so  limited,  and  thus  would  be  Global.' 


REGISTER  IDENTIFIERS 

A  programmer  may  use  a  register  identifier  when  he  wishes  to 
draw  special  attention  to  the  fact  that  a  value  is  to  designate  a 
general  purpose  register  (otherwise,  an  integer  will  do  iust  as 
well). 

A  register  identifer  is  written  as  the  letter  R  followed  by 
a  single  hex  digit  identifying  the  particular  register. 

Thus,  R6  can  be  used  instead  of  6,  RD  instead  of  D. 


ASTERISK  (*) 

The  *  is  a  symbol  which  may  be  used  to  denote  the  current  value 
of  the  location  counter.  When  used  in  an  instruction,  its  value  is 
the  address  of  the  first  byte  of  the  instruction,  in  a  DC  or  DS  the 
address  of  the  first  byte  assigned. 
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SECTION  III 


FORMATS 


A  program  consists  of  a  sequence  of  lines.  Each  line  contains 
a  LOC  (location)  field,  an  OP  (operation  code)  field,  a  DATA  field, 
and  a  COMMENTS  field.  Fields  are  separated  from  other  fields  by  one 
or  more  spaces: 


LOC  OP  DATA  COMMENTS 
Embedded  spaces  may  not  appear  in  the  LOC,  OP  or  DATA  fields. 

LOC  FIELD 

The  LOC  field  is  optional  on  instructions  and  on  the  DC  and  DS 
pseudo-operations,  required  on  an  EQU  line,  and  ignored  on  all  others. 

When  present,  it  must  start  in  the  first  input  column,  and  con¬ 
sist  of  a  G,  L  or  S  symbol.  In  the  EQU  line,  the  symbol  in  the  LOC 
field  is  assigned  the  value  of  the  operand  of  the  EQU;  in  all  other 
cases,  the  symbol  takes  on  the  value  of  the  current  location  counter 
(*). 


OP  FIELD 

The  OP  field  contains  the  name  of  an  instruction  or  a  pseudo¬ 
operation.  It  may  be  from  1  to  4  alphanumeric  characters. 

If  the  LOC  field  is  absent,  the  OP  field  may  still  not  start 
before  the  second  input  column.  It  is  terminated  by  the  first  blank 
character. 


DATA  FIELD 

The  DATA  field,  separated  from  the  OP  field  by  one  or  more 
spaces,  contains  the  operands  for  instructions  and  pseudo-operations. 


COMMENTS  FIELD 

Input  columns  beyond  the  DATA  field  may  be  used  to  enter  comments 
into  the  program,  and  may  contain  embedded  blanks.  The  COMMENTS  field 
is  separated  from  the  OP  field  by  one  or  more  spaces. 
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SECTION  IV 


EXPRESSIONS 


The  DATA  field  of  all  instructions  and  most  pseudo-operations 
contain  expressions.  An  expression  is  one  or  more  symbols  and/or 
numbers,  connected  with  the  operators  +  and/or  - 

Arithmetic  may  be  performed  on  any  combinations  of: 

backward  S  symbols 
register  identifiers 
Integers 

*  (the  current  location  counter) 

Arithmetic  may  not  to  performed  on: 

forward  S  symbols 
L  symbols 
G  symbols 

When  those  symbols  are  used,  they  must  stand  alone. 

Each  component  of  an  expression  is  considered  to  be  a  16-bit 
value;  16-bic  sums  and  differences  are  computed  in  two's  complement 
arithmetic.  When  the  value  of  an  expression  is  inserted  into  a 
field  of  an  instruction  and  the  field  is  less  than  16  bits  wide 
the  leftmost  bits  of  the  value  are  stripped  off. 

Examples : 

LXYZ 

GBQ3F 

SAAF 

S22B 

2A 

R5 

S01B-7+* 

RB-23 

0-12 
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Counter  Examples: 


L9FC+5 

*-GRAB 

SAAF-S01B 

-12 


(Arithmetic  not  legal  on  L  symbols, 
G  symbols  and  forward  S  symbols) 

(  +  and  -  must  appear  between  two 
symbols  or  numbers) 
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SECTION  V 


INSTRUCTIONS 

Four  assembler  formats,  which  assemble  into  two  basic  machine 
formats,  are  supported  for  instructions.  The  machine  formats  are 
either  16  or  32  bits  long.  The  first  8  bits  of  each  contains  the 
operation  code: 


OP 

Rl 

R2 

OP 

Rl 

X2 

A  J 

Rl,  R2  and  X2  are  4-bit  fields;  A  is  16  bits. 


Type  Data  Field  Format  Assembled  Bits 

1  Rl ,R2  16 

2  Rl ,A(X2 )  or  R1,A  32 

3  R2  16 


4  a(X2)  or  A 


32 


Any  expression  may  be  used  to  define  the  A  field.  The  Rl,  R2 
and  /v-  fields  may  bo  defined  using  expressions,  but  not  L,  G  or 
f-  r./ard  S  symbols.  Expressions  used  to  define  the  Rl,  R2  and  X2 
£  Is  are  evaluated  as  16  bits,  then  truncated  to  4  bits. 

Except  for  the  always  optional  X2  field,  fields  may  not  be 
omitted;  0  may  be  entered  instead. 

In  operations  of  types  1  and  2,  the  Rl  field  usually  refers 
to  one  of  the  general  registers.  In  the  BTC,  BTCR,  BFC  and  BFCR 
instructions,  however,  the  Rl  field  is  a  mask  which  determines  the 
conditions  to  be  tested.  Type  3  and  4  operations  represent  extended 
mnemonics  for  such  instructions  in  which  the  mask,  i.e.  the  Rl  field, 
is  implicit  in  the  mnemonic. 
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OPERATION  CODES  OF  TYPE  1 


An  operation  code  of  type  1  requires  two  operands,  R1  and  R2, 
both  four  bits  in  length.  It  is  written  in  the  form: 


LOC  OP  R1,R2 


and  is  assembled  into  16  bits: 


OP 


R1 


R2 


Examples : 


Counter  Examples: 


LBR  R6,R5 

BALR  S01B43,*-S3FB 


BTCR  LABC,R7  (L  and  G  symbols  may  not 

MHR  R5,G124  be  used  to  define  an  R1 

or  R2  field) 


STBR  , RC 


(operand  may  not  be  omitted) 
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OPERATION  CODES  OF  TYPE  2 


An  operation  code  of  type  2  requires  two  operands,  R1  (4  bits) 
and  A  or  A(X2),  R1  and  X2  are  4  bits  long,  and  A  is  16  bits.  It  is 
written: 


LOC  OP  R1,A 

or 

LOC  OP  Rl, A(X2) 

and  is  assembled  into  32  bits: 


OP 

Rl 

0 

A 

or 

OP 

Rl 

X2 

A 

respectively. 
Examples : 


AHI  R6,24 
NH  X2,GA(R5) 

BAL  RF, LABEL 

XHI  RA,LOC(R14R2-S01B) 

Counter  Examples: 

STBS  3,LX(GAX)  (G  symbol  not  allowed 

in  X2  field) 

WD  R4  (missing  operand) 
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OPERATION  CODES  OF  TYPE  3 


An  operation  code  of  type  3  requires  one  operand,  R2,  4  bits 
long.  It  is  written  in  the  form: 

LOC  OP  R2 

and  assembles  as  16  bits: 


OP 


R2 


Operations  of  this  type  represent  extended  mnemonics  for  the 
instructions  BTCR  and  BFCR,  with  R1  set  implicitly.  Those  defined 
are  listed  in  Appendix  A. 

Example : 


BR  RF 


10 


OPERATION  CODES  OF  TYPE  4 


An  operation  code  of  type  4  requires  one  operand,  A  or  A(X2) 
where  A  is  16  bits  long,  and  X2  is  4  bits.  It  is  written: 


LOC  OP  A 

or 

LOC  OP  A(X2) 

on.'  isscir.bLes  into  32  bits: 


OP 

0 

A  1 

or 

OP 

X2 

□ 

ren  pectiveiy . 


Operations  of  this  type  are  extended  mnemonics  for  the  BTC  and 
lilC  basic  instructions,  using  implicit  values  for  the  R1  field. 

Those  defined  are  listed  in  Appendix  A. 

Examples : 

BZ  LABEL  (same  as  BFC  3, LABEL) 

BO  S01B-5(R6)  (same  as  BTC 

4 , S01B-5 (R6) ) 
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SECTION  VI 


PSEUDO-OPERATIONS 


DC  (DEFINE  CONSTANT) 

A  DC  line  is  used  to  define  a  single,  16-bit  constant: 

LOC  DC  EXPRESSION 

DS  (DEFINE  STORAGE) 

A  DS  line  is  used  to  reserve  a  number  of  bytes  in  storage: 
LOC  DS  EXPRESSION 

Symbols  used  in  the  expression  must  have  been  previously 
defined. 

The  line 


S00  DS  35C 

is  equivalent  to 

S 00  EQU  * 

ORG  *+35C 
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END 


An  END  line  is  used  to  indicate  the  end  of  the  source  program 
and  the  address  of  the  first  memory  location  to  be  executed. 

END  OPERAND 

OPERAND  may  be  any  expression,  but  it  must  be  present  and 
defined  (it  may  be  0). 

Examples : 


END 

LSTART 

END 

0 

Counter  Examples: 

END 

(operand  must  be  present) 

END 

SA5F 

(operand  undefined) 

EQU  (EQUALS) 


An  EQU  line  is  used  to  define  a  symbol  without  generating  a  line 
of  object  code: 


LOC  EQU  EXPRESSION 


where  LOC  is  a  G,  L  or  S  symbol.  Symbols  used  in  the  expression  must 
have  been  previously  defined. 
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OPD  (OPERATION  DEFINITION) 


The  OPD  line  may  be  used  to  add  instruction  and  pseudo-operation 
mnemonics  to  the  set  recognized  by  MI-3.  In  fact,  MI-3  itself  uses 
the  OPD  to  define  all  mnemonics  except  OPD  itself,  which  is  built  in. 
When  MI-3  is  assembled,  a  deck  of  OPD  cards  is  also  assembled.  For 
the  Venus  instruction  set,  the  OPD  cards  are  listed  in  Appendixes  C 
and  D. 

OPD  is  useful  for  defining  new  mnemonics  for  instructions,  or 
synonyms  for  pseudo-operations.  Only  additions  are  possible;  old 
mnemonics  may  not  be  deleted,  nor  may  values  associated  with  them 
be  changed,  or  entirely  new  pseudo-operations  added. 

OPD  is  written: 


OPD  '  OPNAME '  ,  OPCODE ,  FORMAT 

which  is  assembled  into  the  operation  table  as: 


OPNAME 


OPCODE 


FORMAT 


where 


OPNAME  is  a  1  to  4-character  alphanumeric  string  which  is  the 
desired  mnemonic. 

OPCODE  is  an  expression  in  which  all  symbols  have  been  previously 
defined.  It  specifies  the  8  bit  operation  code  to  be  associated  with 
the  name  OPNAME  for  instructions.  It  must  be  zero  for  pseudo-operations. 

FORMAT  is  an  expression  in  which  all  symbols  have  been  previously 
defined.  It  is  an  8-bit  field;  the  last  4  bits  specify  the  instruction 
types  1,  2,  3  or  4  or  the  pseudo-operation  type  (see  Appendix  A). 

The  first  4  bits  of  FORMAT  are  meaningless  except  for  instruction 
types  3  and  4,  in  which  they  specify  the  value  to  be  used  in  the  R1 
field. 
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Examples : 


• 

OPD 

'STBR',22,01 

(type  1,  OP  =  22) 

OPD 

'BL' ,72,84 

(type  4,  OP  =  72, 

V 

R1  =  8) 

OPD 

'OP', 00, 08 

(type  8,  OP  =  0  for 
all  pseudo-operations) 
(adds  a  new  name  for 

DC) 

Note  that  since  definitions  are  made  directly  into  core,  a 
definition  is  permanent  until  a  new  copy  of  the  assembler  is  loaded. 


ORG  (ORIGIN) 

An  ORG  line  is  used  to  set  the  value  of  the  location  counter: 

ORG  EXPRESSION 

where  symbols  used  in  the  expression  must  have  been  previously  defined. 


PUT 


A  PUT  line  is  used  when  a  program  is  to  be  assembled  into  locations 
ocher  than  those  from  which  it  will  be  executed.  Thus,  MI-3  must 
assemble  the  instructions  as  though  they  were  in  the  locations  from 
wnich  they  will  be  executed,  but  it  must  PUT  them  in  a  different 
place. 

The  PUT  is  used  most  often  in  one  of  two  situations:  to  relocate 
code  which  will  later  overlay  part  of  the  assembler;  and  to  assemble 
code  with  origin  zero  (for  relocation  by  index)  without  destroying  the 
low  address  region  of  memory. 

The  PUT  is  written: 

PUT  EXPRESSION 

wnere  symbols  used  in  the  expression  must  have  been  previously  defined. 
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The  effect  of  a  PUT  line  is  to  define  a  constant  that  is  added 
to  the  assembled  address  of  each  line  of  code  to  obtain  the  address 
in  core  at  which  it  will  be  placed.  The  addition  is  done  modulo  216, 
causing  a  wrap-around  effect. 

Example  1: 


ORG  2500 
PUT  1000 
S01  B  * 

S01  and  *  will  be  defined  as  2500,  and  the  instruction  will  be 
stored  in  3500. 

Example  2: 

ORG  5500 
PUT  ED00 
B  * 

*  is  assigned  the  value  5500,  and  the  instruction  stored  at 
location  4200,  since  ED00  is  equivalent  to  -1300.  It  could  also 
have  been  written: 

PUT  0-1300 

Example  3: 


ORG 

47E2 

Sll 

EQU 

* 

PUT 

4500-S11B 

B 

* 

assembles  into  location  4500,  with  *  and  Sll  defined  as  47E2. 

Note  that  in  Example  3  the  output  of  the  assembly  will  be  placed 
at  1000  regardless  of  where  it  is  ORGed. 
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SiD  (SET  INPUT  DEVICE) 


A  SID  line  controls  the  source  of  symbolic  input  to  MI-3.  The 
only  valid  possibilities  are: 


SID 

0 

paper  tape 

SID 

1 

keyboard 

SID 

2 

card  reader  (initial  value) 

The  operand  field  may  not  contain  an  expression;  only  the  explicit 
values,  0,  1  and  2  may  be  used. 


SOD  (SET  OUTPUT  DEVICE) 

A  SOD  line  controls  the  printing  of  a  listing  and  the  output 
device  on  which  it  is  to  be  printed.  The  only  possibilities  are: 


SOD 

1 

teletype 

SOD 

2 

printer  (init 

SOD 

3 

no  print 

The  operand  field  may  not  contain  an  expression;  only  the  explicit 
values  1,  2  and  3  may  be  used. 
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SECTION  VII 


IDIOSYNCRASIES 


Some  of  the  idiosyncrasies  of  MI-3  are  discussed  briefly  below. 
It  is  possible  that  as  time  goes  on  changes  may  be  made  to  MI-3  which 
eliminate  or  change  some  of  them. 


MESSAGES 

There  are  only  four  messages  built  into  MI-3.  All  four  are 
forced  to  the  operator's  teletype.  Two  of  them  announce  the  beginning 
and  ending  of  an  assembly.  The  third  recognizes  a  system  failure 
which  has  occurred  in  the  form  of  an  illegal  instruction  during  the 
assembly.  The  fourth,  consisting  of  the  words  ERROR  IN  FOLLOWING 
LINE,  represents  MI-3's  total  capability  for  diagnosing  user  errors. 

At  this  point,  the  user  must  enter  a  valid  line  on  the  teletype  which 
is  to  replace  the  one  found  to  be  in  error. 


INPUT 

When  using  the  on-line  teletype  as  an  input  device,  MI-3  provides 
no  editing  capabilities  whatsoever.  The  usual  abilities  to  cancel  a 
line  or  to  backspace  characters  are  not  present. 

The  specifications  state  that  the  end  of  the  DATA  field  is 
determined  by  a  space.  In  fact,  it  is  determined  by  the  first  char¬ 
acter  which  MI-3  recognizes  as  being  invalid  in  a  data  field.  Thus, 
for  example,  characters  such  as  &  or  %  will,  in  fact,  terminate  the 
data  field  without  any  error  indication. 

When  MI-3  is  first  entered,  it  identifies  itself  by  logging  a 
message  on  the  console  teletype.  If  the  card  reader,  the  assumed 
input  device,  is  not  ready  with  cards,  MI-3  will  wait  until  it  is, 
with  no  indication  of  what  it  is  waiting  for.  Similarly,  MI-3  will 
wait  until  the  printer,  the  assumed  listing  output  device,  is  ready; 
it  will  have  read  the  first  card.  In  both  cases,  readying  the  device 
allows  operation  of  MI-3  to  proceed  without  restarting. 
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OUTPUT 


The  binary  results  of  the  assembly  are  stored  directly  into 
core  memory.  There  is  no  other  computer  processable  output. 

The  output  listing  does  not  print  out  the  binary  values  assembled 
nor  their  locations  in  memory.  While  S  symbol  values  are  logged  when 
the  S  symbol  is  defined,  no  indication  is  given  of  the  value  of  G  or 
L  symbols.  Undefined  symbols  are  not  listed,  nor,  for  that  matter, 
are  defined  symbols. 


LANGUAGE 

The  concept  of  S  symbols  appears  entirely  unique  to  MI-3.  The 
fact  that  a  particular  S  symbol  can  appear  any  number  of  times  in  a 
given  assembly  is,  perhaps,  the  most  unusual  aspect.  Coupled  with 
this  is  the  need  for  the  programmer  to  indicate  to  MI-3  whether  the 
particular  S  symbol  referred  to  has  been  defined  earlier  or  will  be 
defined  later  in  the  assembly. 

Character  strings  may  not  be  written  explicitly.  The  only  way 
character  strings  can  be  specified  is  to  write  thara  as  the  series  of 
equivalent  hex  constants  in  DC  statements,  or  in  hex  as  instruction 
operands. 

All  numbers  entered  by  a  programmer  as  part  of  the  program  must 
be  entered  in  hex.  No  provision  is  made  to  handle  numbers  written 
in  decimal  (base  10)  form. 
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SECTION  VIII 


EXAMPLES 


In  the  examples  below,  the  output  of  the  assembler  is  shown  as 
a  4  hex  digit  location,  followed  by  a  colon,  followed  by  4  or  8  hex 
digits  representing  the  code  stored  in  that  location. 


Example  1; 


ORG  2000 
B  4(3) 

XHR  R1,RD 
LHI  RC,3DE1 
BR  FC 


assembles  into: 


Example  2: 


assembles  into: 


2000: 

7403 

0004 

2004: 

C71D 

2006: 

D8C0 

3DE1 

200A: 

840C 

ORG 

1F00 

B 

* 

B 

B 

*-*+i 

B 

4-1-1 

1F00: 

7400 

1F00 

1F04 : 

7400 

3E08 

1F08 : 

7400 

0001 

1F0C: 

7400 

0000 

* 
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Exampl e  3 ; 


ORG 

3000 

S00 

B 

S00F 

B 

S00B 

S00 

B 

S00B 

B 

SFCF 

B 

S00B 

SFC 

B 

S00B 

lssemoles  into: 

3000 

:  7400 

3008 

3004 

:  7400 

3000 

3008 

:  7400 

3000 

300C 

:  7400 

3014 

3010 

7400 

3008 

3014 

:  7400 

3008 

E.'lmDie  4? 

ORG 

40F0 

DC 

897FD1C8B 

S08 

DC 

S07F 

DC 

S08B-1 

DC 

* 

S07 

DC 

S08B+* 

assembles  into: 

40F0: 

1C8B 

40F2: 

40F8 

40F4 : 

40F1 

40F6: 

40F6 

40F8: 

81EA 
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Example  5: 


ORG 

44  E0 

S09 

DS 

200 

S10 

DC 

S09B 

Sll 

DS 

4 

B 

* 

assembles  into: 

46E0:  44E0 

46E6:  7400  46E6 


i 
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APPENDIX  I 


MNEMONICS  AND  VALUES 


The  set  of  mnemonics  supplied  in  the  version  of  MI-3  which  runs 
on  the  Venus  machine  is  summarized  below.  As  far  as  the  assembler 
is  concerned,  mnemonics  fall  into  fifteen  types,  each  identified  bv 
a  type  code.  The  type  determines  the  format  and  meaning  of  the  DATA 
field  of  instructions,  and  identifies  extended  mnemonics  and  pseudo¬ 
operations  : 

1  16  bit  instructions 

2  32  bit  instructions 


3 

4 

5 

6 

7 

8 
9 
A 
B 
C 
D 
E 
F 


Extended  mnemonics  for  16  bit  instructions 
(BTCR,  BFCR) 

Extended  mnemonics  for  32  bit  instructions 
(BTC,  BFC) 

ORG  Origin 

EQU  Equals 

END  End 

DC  Define  Constant 

DS  Define  Storage 

PUT  Put 

OPD  Operation  Definition 

SOD  Set  Output  Device 

SID  Set  Input  Device 

LEND  Local  End  (Not  implemented) 

Not  assigned 
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0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

A 

B 

C 

D 

E 

F 


Instructions  appear  in  a  16  x  16  matrix  in  which  the  8-bit 
operation  code  is  formed  by  taking  the  row  number  in  hex  followed 
by  the  column  number,  also  in  hex.  For  example,  CALL  is  in  row  7, 
column  A;  its  operation  code  is  7A.  Instructions  in  rows  2,  8  and 
C  are  of  type  1;  those  in  the  other  rows,  type  2. 

Extended  operations  are  listed  separately. 


0 

i 

2 

3 

4 

5 

6 

7 

8 

9 

A 

B 

C 

D 

E 

F 

p 

V 

STB 

POB 

STH 

PO 

SSN 

OC 

RD 

WD 

SS 

STBR 

POBR 

STHR 

POR 

SSNR 

OCR 

RDR 

WDR 

SSR 

JOBA 

PS 

VS 

STBS 

POBS 

STHS 

POS 

SSNS 

| 

DIE 

UNQF 

PUC 

POC 

"I 

1 

1 

1 

1 

! 

BXLE 

BAL 

BTC 

BXH 

BFC 

SIO 

ELI 

SET 

RSE1 

!  RETN 

CALL 

ICOR 

SRHL 

SLHL 

SRHA 

RLH 

BXLR 

BALR 

BTCR 

BXHR 

BFCR 

1 

: 

! 

- 

PU 

PUB 

LSN 

NH 

CLH 

OH 

XH 

LH 

LB 

AH 

SH 

MH 

DH 

ACH 

! 

SCH 

! 

i 

PUR 

PUBR 

LSNR 

NHR 

CLHR 

OHR 

XHR 

LHR 

LBR 

AHR 

SHR 

MHR 

DHR 

ACFR 

SCHR 

1 

j 

PUI 

PUBI 

LSNI 

NHI 

CLHI 

OHI 

XHI 

LHI 

LB  I 

AHI 

SHI 

MHI 

DHI 

A  CHI 

SCHI 

I 

i 

i 

» 

1  PUS 

PUBS 

LSNP 

NHS 

CLHS 

OHS 

XHS 

LHS 

LBS 

AHS 

SHS 

MHS 

DHS 

ACHS 

SCHS 

r - 

« 

PUP 

PUBP 

LSNS 

NHP 

CLHP 

OHP 

XHP 

LHP 

LBP 

AHP 

SHP 

MHP 

|dhp 

ACHP 

SCHP 
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EXTENDED 

OPERATIONS 

Ilex 

Mnemonic 

Equivalent 

Operation 

Meaning 

720 

NOP 

BTC 

0 

No  operation 

721 

BM 

BTC 

1 

Branch  on  minus 

722 

BP 

BTC 

2 

Branch  on  plus 

723 

BNZ 

BTC 

3 

Branch  on  non-zero 

723 

BNE 

BTC 

3 

Branch  on  not  equal 

724 

BO 

BTC 

4 

Branch  on  overflow 

728 

BC 

BTC 

8 

Branch  on  carry 

728 

BL 

BTC 

8 

Branch  on  low 

740 

B 

BFC 

0 

Branch 

741 

BNM 

BFC 

1 

Branch  on  non-minus 

742 

BNP 

BFC 

2 

Branch  on  non-plus 

743 

BZ 

BFC 

3 

Branch  on  zero 

743 

BE 

BFC 

3 

Branch  on  equal 

748 

BNC 

BFC 

8 

Branch  on  no  carry 

748 

BNL 

BFC 

8 

Branch  on  not  low 

820 

NOPR 

BTCR  0 

No  operation 

820 

BR 

BFCR  0 

Branch 

In  the  hex  equivalent,  the  first  two  digits  are  the  operation 
code  of  the  basic  instruction;  the  last  digit  is  the  R1  field.  The 
operations  based  on  BFC  and  BTC  are  type  4;  those  based  on  BTCR  or 
BFCR  are  of  type  3. 
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APPENDIX  II 


FORMAL  SYNTAX 


BASIC  DEFINITIONS 

A  lower  case  b  is  used  to  denote  a  single  blank  character. 
<space>  : :  =  b  |  <space>  b 

<hex  digit>  ::  =  0|l|2| 3|4|5| 6|7 |8| 9|A|B|C|D|E|F 
<integer>  : :  =  <hex  digit>  |  <integer>  <hex  digit> 

<S  symbol>  ::  =  S  <hex  digit>  <hex  digit> 

<backward  local  reference>  : :  =  <S  symbol>  B 
<forward  local  reference>  : :  =  <S  symbol>  F 
<alphabetic>  ::  =A|B|...|Z 
<digit>  ::  =  0|1|2|3|4|5|6|7|8|9 
<alpha  numeric  ::  =  <alphabetic>  |  <numeric> 

<L  symbol>  ::  =  L  <up  to  5  alphanumeric 
<G  symbol>  ::  =  G  <up  to  5  alphanumeric> 

<symbol>  : :  =  <S  symbol>  |  <L  symbol>  |  <G  symbol> 
<loc  field>  : :  =  <syrabol>  |  <empty> 

<register  identifier>  : :  =  R  <hex  digit> 

EXPRESSIONS 

<expression>  ::  =  <forward  local  reference>  | 

<proper  expression>  |  <L  symbol>  |  <G  symbol> 
<defined  value>  ::  =  <proper  expression>  | 

<previously  defined  L  syrabol>  | 

<previously  defined  G  symbol> 

<additive  operator>  : :  =  +  |  - 

<ternt>  ::  =  <integer>  |  <backward  local  reference>  | 
<register  identifier^  |  * 

<proper  expression>  ::  =  <tern*>  |  <proper  expression> 
<additive  operator>  <term> 
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LINES 


*  <line>  ::  =  <loc  field>  <space>  <basic  line>  |  <ORG  line>  | 

<END  line>  |  <DC  line>  |  <DS  line>  |  <EQU  line>  | 

4  <OPD  line>  |  <PUT  line>  |  <SID  line>  |  <SOD  line> 

<basic  line>  ::  =  <op  code  of  type  1>  <space>  <data  field  of  type  1>  | 

<op  code  of  type  2>  <space>  <data  field  of  type  2>  | 

<op  code  of  type  3>  <space>  <data  field  of  type  3>  | 

<op  code  of  type  4>  <space>  <data  field  of  type  4> 

<data  field  of  type  1>  ::  =  <4  bit  operand>,<4  bit  operand> 

<data  field  of  type  2>  ::  =  <4  bit  operand>,<16  bit  operand>  | 

<4  bit  operand>,<16  bit  operand>  (<4  bit  operand>) 

<data  field  of  type  3>  : :  =  <4  bit  operand> 

<data  field  of  type  4>  : :  =  <16  bit  operand>  | 

<16  bit  operand>  (<4  bit  operand>) 

<4  bit  operand>  : :  =  <proper  expression> 

<16  bit  operand>  : :  =  <expressiort> 

t 

<DC  line>  ::  =  <loc  field>  <space>  DC  <space>  <expression> 

<DS  line>  ::  =  <loc  field>  <space>  DS  <space>  <defined  value> 

<END  line>  : :  =  <space>  END  <space>  <defined  value> 

<EQU  1  ~ne>  ::  =  <symbol>  <space>  EQU  <space>  <defined  value> 

<OFD  line>  ::  =  <space>  OPD  <space>  *<up  tp  4  alphanumeric^  y 
<defined  value>,<defined  value> 

<ORG  line>  : :  =  <space>  ORG  <space>  <defined  value> 

<PUT  line>  ::  =  <space>  PUT  <space>  <proper  expression> 

<SID  line>  : :  =  <space>  SID  <space>  <input  device> 

<input  device>  ::  =  0 | 1 | 2 

t  <SOD  line>  :  :  =  <space>  SOD  <space>  <output  control> 

coutput  control>  ::  =  1 | 2 | 3 


27 


APPENDIX  III 

ALPHABETIC  LIST  OF  MNEMONICS 


OPO 

i  ach  • ,  pf  ,  07 

ADD  WITH  CARRY  HALFWORD 

ODD 

• ACH! • ,DF.O? 

ADD  WITH  CARRY  HALFWORD 

OPD 

i aCHP t ,FP , 02 

ADD  WITH  CARRY  HALFWORH 

OPO 

• acHRi ,cr,oi 

ADD  WIT 

H  carry  halfword 

OPn 

• arHf • ,fc,i-<7 

AHD  WITH  CADPY  HALFWOPO 

OPD 

*  AH  •  ,  P A  « r? 

add  HAL 

f  WORD 

OPD 

•  AH  l  «  ,  DA  ,  r\p 

add  *~*AL 

f wODO  . 

cpn 

•  AHD  •  ,FA,n,5 

ADD  HALFWORD 

OPD 

»  AHR •  , CA , n l 

ADD  HALFWORD 

OPD 

•  AHF  •  ,F4,n2 

ADD  HAL 

f  WORD 

OPD 

•B* ,74,04 

rpanch 

UNCONDITIONAL. 

ODD 

•  PAL 

RPAmCH 

AMD  L I NX 

non 

iPALD|  , P 1  «  o  i 

RP  AK,CH 

AND  L INX 

OD^ 

,  car  ,  ,  -7-5 , 04 

RQ  ANJCH 

ON  CADRv 

non 

•PF' ,74,7a 

PD AMOH 

on  FnuAL 

no^ 

, OFR 1,04,01 

PO AMCH 

FQUAL  RFC,  TSTFR 

non 

• QFC • ,74,0? 

PpAMfH 

ON  FALFf  FOND  T  T I  DM 

OPD 

•RFC?' ,P4,01 

°PANCH 

OM  FALSF  CCMDITION 

OPD 

•PL  '  ,">?,84 

RPANCH 

DM  LOW 

OPD 

«  PV i  , 7?,  1 4 

RPAKlCH 

OM  M 1 vuf 

OPD 

•  PNC '  ,74,04 

RQAMCH 

ON  MO  CARRY 

OPD 

• PNr • ,77,74 

RPANCH 

ON  MOT  FOUAl 

OPD 

*  BNL  '  , 74 , P4 

RPANCH 

ON  NOT  LOW 

onn 

,  caKjv  ,  ,  ~>4 ,74 

RPANCH 

r»\|  fv,r>T  V  T  MUC 

OPD 

,  caMP  ,,74,74 

RPANCH 

OM  MOT  PLUS 

OPD 

,  on] 7  •  ,  ~rp  ,74 

c=p  ANCH 

om  MOT  7ED0 

OPD 

•dO« ,77,44 

RPANCH 

ON  ovfpfldw 

OPO 

top, ,77,74 

RPANCH 

OM  DLUS 

nop 

,  oo  •  ,P4,m 

RPANfM 

UNCONO  I  T  I  FMAL 

ODn 

•  QTC  ‘,77,07 

«  O  A  N  Z  H 

OM  TRLJF  C  ONO  1  T  |  OM 

OPD 

•  PTC  R •  ,P?,C1 

RPANCR 

on  trlif  comdi  -  pn 

OPn 

• PXH • , 77,0? 

rpanch 

ON  INDFX  H I  OH 

OPD 

• PXHD • , P7 , O 1 

RPANCH 

ON  IMOC-y  hICH 

OPD 

•°XLF • «T0,0? 

RPANCH 

ON  INDFx  LOW  OR  rOUAL 

OPD 

' PXL  D •  .80,01 

RPANCH 

ON  INDFX  LOW  OR  FOUAL 

OPD 

• n7 • ,74,74 

RPANCH 

ON  7CP0 

ODD 

•  CALL •  ,7A , 07 

CURROIJT  I  NF  call 

ODD 

I^LHI  , PP , 0  ? 

CO^P  APC 

LOGICAL  HALFWORD 

OPO 

• CLH  t  1  , OP , O? 

COMP \or 

LOGICAL  hAlfwfro 

OPD 

•CLHR,  ,Ff,0? 

CO^P APr 

LOGICAL  HALFWORD 

ODD 

•  CL  HD •  , CP , 0 1 

COMPAPF 

logical  halfword 

OPD 

•CLHf • , FP , 07 

COVDAPF 

LOGICAL  HALFWORD 

OPD 

•OC • *00,08 

DEFINE 

con 

OPD 

•  OH •  , PO . 0? 

DIVID  HALFWORD 
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•  I  •  , ,  on 

nivfDF  halp wnon 

r  Q*-> 

•  r>nP  •  ,  r ^ 

n I V  T  nr  HALPWOPn 

^ion 

•  nnp •  f  rn  «  n ] 

n IV I  nr  HALFWOPn 

non 

• • * ^n , nn 

nivmr  HALFWOPn 

•niF  •  ^OtOi 

JOB  f  u  T  c IDF 

nnn 

•  t  f  nn  f  o O 

0EFTMr  ftopaof 

npn 

• rL 1 • « 7*,  p£ 

fmtfp  l^vfl  1 

oph 

»rNP **00,07 

FMP 

pon 

*rou« •  ™«06 

FOUAL 

rnn 

• TCOP* ,7pfnp 

pHrrr<  FOP  pAp.tr  yN  POOr 

OPD 

• JOBA • ,2F*01 

FETCH  JOB  APFA  LOCATION 

opp 

•LB • **P«n2 

LOAD  FVTF 

0DD 

•L° I 1 iOPiO? 

LOAD  ^YTF 

non 

•  Lcjoi  frof pp 

LOAO  RVTF 

OPD 

•  LBP •  #00*01 

load  RVTF 

OPP 

•LpS • *FQ*0? 

LOAD  RYTF 

ODO 

*  |_fmh  •  ,  no  «  nr 

LOCAL  FMD 

non 

*LH*  «  « o? 

LOAn  HALFWOPn 

Qpn 

•LHI • « DR, 0? 

LOAD  HALFWOPD  IMMEDIATr 

non 

*  Lhp • tFP,r? 

LOAD  HALFWOPD 

Onn 

•  lhp • *  r p ♦ n i 

LOAD  HALFWOPD 

npn 

*  L  H  c  •  ,CR*02 

LOAD  HALFWOPD 

OPn 

•  Lfm  • • ' n? 

LOAn  ftpfav  mam^ 

npn 

• Lc  N I  •  #03,0? 

LOCAL  FTPEAM  MflMF 

non 

•  (_ r N o  t  ,F-,P? 

LOCAL  r  r  nr  A  m  kj  a  M  r 

non 

•  [_  cKjn  *  ,nt0| 

LOCAL  Fto^am  mamc 

non 

i  lqnjc  •  ,  f n  «  np 

LOCAL  ^TOFAV  NjAMr 

npn 

• mh • , or , pn 

MULT  1  PLY  HALFWOPn 

pDP 

•  v  h  I  •  «  n  C  •  n  p 

MULTIPLY  HALF W npn 

opd 

•  VHP •  t  r  p  f  np 

MULTI PLV  HALFWOPn 

OPH 

• mhp t ,rr,o i 

MULTI°Lv  HAL^wnPn 

pop 

•  mhf •  ,  Fr  «  OP 

MUL  T I DL  v  HALFWOPn 

o^n 

•  Mw •  ,  , np 

A\m  H  ALr  w/Oprs 

nop 

•  mh I  •  , n  a , n? 

AMn  H  A L . r  w 0 0 n 

Oon 

• MHP • , r4 , nP 

and  hal- won^ 

nop 

•  mhp  « , ra  «  0 1 

AMn  HALFWOPD 

OPQ 

• MH S '  « E4 «  nn 

AMD  HALFWOPD 

o°n 

•  MOP •  • 72 ♦ 04 

MO  nor d A T I  ON 

Oon 

1 Mppp 1  f  P  0 , r  p 

MO  OPro A T I  ON 

OPD 

•PC', 1 D*np 

OUTPUT  COMMAND 

non 

•  pro •  f  ,  n ] 

OUTPUT  vOOMMAMn 

non 

•  nw  t  , 0^  f  r 0 

OP  HALFWAC?p 

non 

•  °H I  •  ,06 ♦ 05 

OP  HALFWOPD 

npn 

•OHP*  *F6*n^ 

OP  HALFWOPn 
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• ohd • , Cfi«0l 

OP  HALFWOPD 

o  Dn 

'^h'i  «cfi «  np 

no  halfwopd 

ODn 

•  ^  <0  ,  AC 

"'PTC- IN 

nnn 

•  o  1  ,  t  r> ,  r>r 

^  or  fc-maphoof 

non 

•  e>0  •  «  t«,n? 

pop  rppM  ^TAn< 

O  PP 

•  OAR  • ,  i A  ,  A? 

rnp  WTr  Fonts  cja rK 

• 

1  Drop  •  ,  3  -5,  A  ] 

POP  Pvrr  Fpom  CTArK 

1 

pd~ 

•  nnqc  •  ,.!*>,  np 

POP  nyrr  C  T  *  O  v- 

OP  O 

•  PAC  •  , =R , A  1 

POP  FPOM  CONTROL  STAC^ 

pn^ 

•  dad  l,?q,n] 

pqp  FPAM  STACIE 

1 DAC  t  ,  ie ,fp 

npo  mmy  ~T/\rp 

n  ~>n 

IOA  1  ,  A  ,  p  ^ 

d  oc  orMAPMnn^ 

oo  r 

»  pi  )  • « r  i « r? 

Pt  |C'H  HALFWOPP  I\'Tr. 

pDf> 

•  P!i°' « « n? 

°lTH  nv-rp  tnto  rTA rv 

^Dr 

•  oij°  t  •  .ni,'!5 

0{)CU  3VTr  TKjTn  CT^k' 

pop 

t  pi.jrp  i  ,  rp ,  rp 

ducm  ovtf  TNTO 

non 

•  purd i « c  ? « n i 

DUCM  RVTE  into  ^TArr 

no^ 

1  Ptjnc  •  ,r?,r? 

PUSH  riyjr  INTO  ETAO< 

odp 

t  pi  ir  •  ,q?,n 

pii^m  INTO  OONTPOL  CTA^ 

^  pr> 

•out • , n i , ao 

o  U  r  H  HALFM/npr  INTO 

non 

•  P(  IP  •  »F  1  ,  a-5 

p;  icui  P  D  A  ** 

^Dr> 

•  PUP • «  r 1 , A  1 

HALrw^on  into  ctatf 

* 

opn 

•  puc • .ri « np 

nucH  HALF  ’ »/  O  P  O  ?NJTP  CT<\rr 

^nn 

•  ni  it  •  ,  aa  %  ri 

PUT 

OPR 

•  PD  *  «  1 C  «  0? 

PEAO  OAT a 

i 

pop 

i  ppp  •  ,  nc.  «  a  i 

PFAP  OAt  ^ 

nnp 

t  dp-tm  •  ,  -ro ,  np 

FUQPOUT T  me  DPTUPM 

rjon 

• PLH 1 ,7f,n? 

dot.at  LptrTWAPn  HALcr“^Pn 

pon 

ipcpt i ,7B*0? 

ppQcrT  OOND  IT  ton/on  or  o  I  r  Tr  D 

non 

•  CAM  l,PF, np 

cijftpaot  with  oaoqv  malf’*-opo 

P  D  p 

' cCH  r • ,nF,r? 

FUR  TP A  CT  WIT*-*  OAPPy  wALri»‘OPO 

p  Dn 

t  CAHD  »  , FF , A? 

c  TP  A  C  T  WITH  C  ADOv  HALFU'OOO 

oph 

• fo  hp • ,cf,di 

cuRtpaCT  WIT1-*  OAPPv  HALFu/OPD 

OPO 

• FCH? t ,FF,0? 

SUBTDACT  WITH  CAPQv  HALFIVCPO 

non 

•CFT* ,77,0? 

CF T  CONDIT  TON/ON  PC'OIFTC'P 

non 

•CHI ,np,0? 

ru°TP  a rj  MALrwnDn 

pnn 

•  CM  I  •  ,00,05 

cuqtpaot  hal^v/oq^ 

c 

pon 

•  FHP •  ,FO,o? 

clJaTP  ACT  HALFw/non 

npn 

•  OHO l  ,CP,0| 

Fi  jPTDACr  m  al  rwOPO 

^nn 

• FHC • , op ,05 

^UBTPACT  h  alp'WOPO 

pop 

• c in • , AA, OO 

cy CTrv  INPUT  prVTCr 

V 

pDn 

• F ! 0 • , 7F , 0? 

ftadt  i/o  ^mannFl 

ppp 

*  CLHL ',70,0? 

^HJft  LrFT  LOOT  CAL 

Don 

1  CA|A  »  ,00,00 

ctycTF**  OUTPUT  "iP'/frr 

/ 
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ODD 

1 CQH A • 

chTpt 

R  t  PHT  /\d  f  THM-T  »  <- 

OPP 

•  <;dhl  • 

^HIFT 

RIGHT  LOGICAL 

OPP 

• •  ♦  l 

F  ,  P? 

FFN^T 

status 

non 

• <^SN • « 

16^? 

FTOPi 

STREAM 

namf 

non 

• CCNP • 

9  ?  6  9  0  1 

c  TOPp 

STREAM 

KJ  AM- 

OPO 

•  pc.\jc;  i 

9^69^? 

STORE 

STOEAM 

NAM- 

OPO 

• PSP  •  « 

?r9Pl 

SFN^F 

STATUS 

non 

i  c,T«  •  , 

1  ?t0? 

^TOpr 

avJE 

non 

• cjpP • 

9^901 

^  T  OPr 

RvT^ 

non 

ictpc f 

,^9^ 

^TOP^ 

hytf 

non 

•  FTH  •  9 

14fO? 

S  TOPP 

halfword 

ppn 

i  C  T  HO • 

9?A,nj 

CTPDF 

HALFWORD 

r>on 

l  ct HQ  9 

9  ^4  fOP 

PTOPF 

HALFWORD 

non 

•  UNOP • 

951  901 

UNQUEUE  WHEN 

DISK  S'*'  AP  C 

non 

'VMl 

90? 

V  OF 

sfmaphop^ 

non 

V  OF 

FPMAPHOPP 

DP^ 

•  nan • * t  n ♦  op 

WR  I  TF 

data 

non 

t  vnp 9 , 

?0  9  0  1 

WO  I  TF 

DATA 

opp 

• XH • ,P7fO? 

FXCLUSlvF  OR 

halfword 

pop 

•  X*-1 1  •  « 

D^iO? 

EXCLUSIVE  OR 

HALFWORD 

non 

• YH° *  « 

F7fO? 

FXCLUStVE  or 

halfword 

oon 

• XHR « « 

C79  01 

EXCLUSIVE  OR 

HALSWORD 

non 

•  XHS  t  , 

r7  9  0? 

FXCLUSIVE  OR 

HALFWORD 

( 
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APPENDIX  IV 


NUMERIC  LIST  OF  MNEMONICS 


OPD 

• org ' ,nn,n? 

OR  I G I M 

nnn 

• cnu ♦ , OR , nft 

foual 

opn 

• FNO • ,^^,07 

END 

OPD 

•  re • , no , or 

define  con 

•  ns  *  , no  « OR 

DEFINE  storage 

npn 

•  rut • , on , OA 

PUT 

OPO 

•GOD' , OO.OC 

SYSTEM  OUTPUT  DEVICE 

opo 

•  FID* .no. on 

SYSTEM  INPUT  DFVICF 

ODp 

i lfnO • , on , of 

LOCAL  FND 

npn 

•oi,lo,n? 

d  OF  SFM aPhORF 

Oor> 

•  V • , 1  1  , 09 

V  OF  cfmaphorp 

OOP) 

•  CTR • , l?,n? 

gtorf  BvTF 

OPn 

• orb ',17,0? 

POP  RVTF  FROM  STACK 

OPP 

• STH • « 1 4 . n? 

STORE  HALFWORD 

OPO 

• PO •  • 1 65  «  0  ? 

POP  FROM  STACK 

OPn 

• SSN* ,16,0? 

STORE  STREAM  NAMF 

oph 

•OC  •  ,  l>=>«n? 

OUTPUT  COMMAND 

non 

• QR» , 1 C ,0? 

pfad  rata 

non 

• wd • , i  r  » n? 

WRITF  DATA 

o°o 

•  ss  •  ,  i  =-,n? 

SENSF  STATUS 

•  ?tpo  •  ,  -s-s ,  n  i 

STOP:  BYTE 

non 

,  PORR  •  ,  ?3  ,  O  1 

POP  BYTE  FROM  BTACk 

OPD 

1  C.THO  •  .04,01 

STORE  HALFWORD 

O  pp 

•  DOR •  , , O 1 

POP  FROM  STACK 

non 

, cgnR • , ?6, O 1 

STORE  STREAM  NAMf 

non 

i OCR • ,00,01 

OUTPUT  COMMAND 

non 

*  RDR •  , ?C , n i 

PEAR  RATA 

OPD 

•WDP* , ?D . n 1 

WRITE  DATA 

OPD 

• CSR • , 2E , 0 1 

SENSE  STATUS 

non 

•  JOB  A  •  • ?F , 0 1 

FETCH  JOB  AREA  LOCATION 

OPD 

•  DC  1,00,0? 

P  OF  SFMAPHOPE 

OPD 

•VS* ,11 ,0? 

V  OF  SFMAPHORF 

OPD 

i ctHc  t  , 1? , 0? 

STOPF  BYTE 

OPD 

t  CORC  •  ,00,0? 

DOP  BVTF  FROM  CTACK 

OPO 

•  CTHC  •  ,*>4,0? 

CTQRP  HAlFwOOR 

OdD 

•  ROS  •  ,  36,  O? 

pop  FROM  STACK 

OPD 

• ssns • , 06, n? 

STORF  STREAM  NAMF 

OPn 

•OIF’ ,RO,01 

JOB  suICIDE 

OPO 

•  UNO® •  ,61 .01 

UNQUEUE  WHEN  DISK  SWAP  COMPLETE 

OPD 

• DUC • ,52,01 

PUSH  INTO  CONTROL  STACK 

OPD 

• POC • .63,01 

POP  FROM  CONTROL  STACK 

OPD 

•  RYLF  •  ,  to  ,  n-> 

OPAMCH  ON  TNRFY  LOW  OP  FOUAL 

non 

tRAL • ,T1 ,03 

OPAMCH  AMD  LINK 

OPD 

• RTC • , 7?, 

BRANCH  ON  TRUE  CONDITION 
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OPD 

•  NOD •  ,7?,n4 

NO  ODPPATION 

pr  Jp 

•  RM  •  ,  -73  ,  t  4 

RPANCH  ON  M I NUC 

o^n 

•PP'  ,7?,. "54 

BRANCH  ON  PLUS 

OPD 

• PNP '  *  7?, 34 

BRANCH  ON  NOT  COUAL 

onn 

•  RNZ  •  ,-7  7,74 

RPANOH  ON  NOT  7FQ0 

ODr> 

•701,77,44 

ROAMOH  ON  nvFDrLO,! 

OPn 

•PC • , 77, 44 

RRANCH  om  GAPPY 

OPD 

•PL • ,7?,p4 

RPANCH  ON  LOW 

Qpn 

• Py  H •  , 73,0? 

BRANCH  ON  INOPX  HIC.H 

OPD 

•  PPC  •  ,74,07 

RPANCH  ON  PALPS  C OND ITT  ON 

OPD 

•  B  •  ,  74 , 04 

RPANCH  UNCONDITIONAL 

^PP 

• PNM *,74,34 

RPANCH  ON  NOT  MINUS 

OPD 

• «MP • , 74 , ?4 

RPANCH  ON  NOT  DLtlS 

non 

•  RP  ,  ,  -7 4  ,  T4 

RPANCH  ON  POUAL 

o^n 

• P 7 *,74,74 

RPANCH  ON  7FPO 

OPD 

•  PNC  *,74,84 

BRANCH  ON  NO  CAPPV 

OPD 

•  pnl  •  ,  74 , 84 

RPANCH  ON  NOT  LOW 

OPD 

•  r  IQ* 

FTAFT  I/O  CHANNFL 

OPD 

•  PL  1  •  , 76, 0? 

ENTFp  lf  vel  1 

OPP 

• SET • ,77,0? 

Sr  T  CONDlTlON/ON  PFGISTFO 

pop 

•  OOFT  1 , 7R 

RPRFT  CONO  ITT  ON/nN  pcr,|CTFD 

OPP 

»  RC  TM  f  ,  70 ,0-3 

PIJRDOUTJNF  DPT||PN 

pnp 

•CALL • ,74,0? 

SUBROUTINE  call 

OPp 

•  I  COP •  ,7R,n? 

CHECK  POP  D4r,F  IN  rOPP 

OPP 

•  SPHL  •  , 7C.07 

SHIFT  RIGHT  LOGICAL 

OPP 

• rLHL • ,7p,0? 

SHIFT  lfft  logical 

OPP 

• 4DH4 • , 7F , 0? 

SHIFT  right  arithmptic 

pop 

• PLH • , 7F , 0? 

POT  A  TF  LEFTWARD  halfword 

OPD 

• PXLP • ,00,01 

RPANCH  ON  INDFY  LOW  OD  cr^i  |AL 

OPO 

'°4LC" ,01 ,01 

QRANPH  AND  L  T  NK 

OPD 

•  ptcp*  ,P7,n 

RPANCH  on  TD^r  C OND IT*  On 

OPP 

•  rjopp  •  ♦  o? ,  07 

NO  ODPRATION 

OPD 

•RXHP* ,83,0] 

BRANCH  <7n  INDFv  HIGH 

OPD 

• PpP • ,04,01 

=PAmgh  PQUAL  PP G I S TPP 

OPP 

•  PKCP •  ,04,01 

BRANCH  ON  FALSF  CONO It  ion 

OOP 

•  PP  *  ,04,07 

RPANCH  UNCONDITIONAL 

0°P 

•PU • , P 1 ,07 

PUSH  HALPWOPD  INTO  STACK 

opo 

10(10  1  ,03,07 

PUCH  RVTtr  1NT0  STAOY 

OPP 

•  LSN  •  , P7 , 07 

LOAD  FTPEAm  MA«E 

OPD 

•  NH •  ,04,07 

AND  Hf.LFWODfi 

OPP 

'  CL H «  ,pp,0? 

COMPARE  LOGICAL  HALFWORD 

OPD 

•  OH  •  ,  17*  ,  07 

OP  halFWOPD 

OPP 

•XH« , P7 , 07 

EXCLUSIVE  op  halfword 

pp^ 

•  LH •  ,po,o7 

load  HALPWOPD 
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non 

•  LR  •  ♦ 

°o  ,n? 

LOAD  BYTE 

onn 

•  aw  •  * 

PA,  0? 

ADO  HALFWORD 

odd 

•  CHI, 

pr,  n? 

SUBTRACT  HALFWORD 

OPD 

•  MH  •  • 

*C,0? 

MULTIPLY  HALFWORD 

OPD 

•DH  •  « 

Qp,  0 2 

DIVIO  HALFWORD 

OPD 

•  ACH  • 

•  BE  • OP 

ADO  VITH  CARRY  HALFWORD 

OPD 

•  <CCH  * 

♦RF,0? 

subtract  with  carry  halfword 

OPD 

•  PUP  • 

•01 ,01 

PUSH  HALFWORD  INTO  STACK 

OPD 

•  PUBP 

• ,r?,oi 

PUSH  BYTE  INTO  STACK 

OPD 

•  l?np 

• ,C7, 01 

LOCAL  STREAM  NAME 

OPD 

•  \'HP  • 

•04*01 

AND  HALFWORD 

Oph 

•  CLHD 

• ,r^,ni 

COMPARF  LOGICAL  HALFWORD 

OPD 

•  OHR  • 

•  06 • 0 1 

OR  HALFWORD 

0°D 

•  XHR  • 

•07*01 

EXCLUSIVE  OR  HALFWORD 

opn 

*  |_HR  • 

•r8*01 

LOAn  HALFWORD 

opp 

•  LHP  • 

•ro,01 

LOAD  BYTE 

OPP 

t  AHP  » 

•04 ,01 

ADD  HALFWORD 

OPP 

•  CMP  • 

,00,01 

SU°TR ACT  HALFWORD 

oop 

•  MHR  * 

,00,01 

MULTIPLY  HALFWORD 

OPn 

•  DHR  • 

•  CD ,01 

DIVIDF  HALFWORD 

OPD 

•  ACHR 

• , OF , 0 1 

ADD  WITH  CARRY  HALFWORD 

OPD 

•  CCHP 

•  ,  OF  ,01 

SUBTRACT  WITH  CARRY  HALFWORD 

OPP 

•  PU  I  • 

,01 ,02 

PUSH  HALFWORD  INTO  STACK 

OPP 

•PUP  I 

•  ,07,0? 

PUSH  bytf  into  stack 

ODD 

•  l^nt 

• ,n?,o? 

LOCAL  STREAM  NAMc 

OPn 

•  NH  I  • 

,n4,0? 

AND  HALFWORD 

OPP 

•  CLH  ! 

• ,DS,02 

rOMDARF  LOGICAL  HALFWORD 

OPP 

•  OH  I  • 

,06, OP 

OR  HALFWORD 

opp 

•  XH  1  • 

, D7 ,02 

EXCLUSIVE  OP  HALFWORD  IMMEDIATE 

0  PP 

•LHI  • 

• D8 • 0? 

LOAD  HALFWORD  IMMEDIATE 

0r>p 

•  LB  I  • 

,PQ, 0? 

LOAD  BYTF 

OPP 

•  AH  !  • 

,04,02 

ADD  HALFWORD 

Onn 

•  FHI  • 

•0° , 02 

subtract  halfword 

OPP 

t  VH  I  • 

,oc,o? 

MULTIPLY  HALFWORD 

OPP 

•  OH  I  • 

•00,0? 

DIVIDE  HALFWORD 

OPP 

•  ACH  I 

• ,DF,0? 

ADD  VTTH  CARRY  HALFWORD 

OPP 

•  SCH  I 

• ,DF,02 

subtract  with  carry  halfword 

OPD 

»  puc  • 

•FI ,0? 

PUSH  HALFWORD  INTO  STACK 

OPP 

•PUB? 

•  ,  F? • 02 

PUSH  BYTE  INTO  STACK 

OPP 

•L?NS 

•  ,F?,0? 

LOCAL  STREAM  NAME 

OPP 

•  NH?  • 

,c4  %r\p 

AND  HALFWOOD 

ppp 

•  clh«; 

♦  ,P^,0? 

COMPARE  LOGICAL  HALFWORD 

OPP 

•  OH?  • 

,  F6 • 0? 

OR  HALFWORD 

OPP 

•  XH?  • 

,F7, 02 

EXCLUSIVE  OR  HALFWORD 
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t 


pop 

•LHC  t  fcrR#nP 

on^ 

•LRFt  f  r  o  ,  n  :> 

OPP 

•  AHC  •  ,  cr  A  %  np 

nop 

• chs • f <=-q ♦ np 

non 

$  whc  •  ,c :r,n? 

ODO 

•  one  t  ,  cp , no 

nnn 

•  AOHC  i  ,cr F  ,0? 

non 

• STHC i ,ff, no 

OPn 

#n>upt  ,  op 

npn 

f  JRD  •  ,  pn  #  np 

0DD 

*LSNOI  ,cr?t0p 

npn 

l  NJHP  •  ,P4,P? 

non 

*  ^l  M° •  •  ^ , n  o 

nop 

•  nnn  i  ,  cr^  ,  n 

OPD 

•  XHP •  ,c7<n? 

O^n 

•  LHD •  ,rp(np 

O^D 

•  L^P •  ,cq,op 

Don 

•  A  HP  t  f  c*  A  «  OP 

OPD 

t  CHP  •  ,^Rf  OP 

nop 

t  MHP  • ,fc*o? 

pnp 

•  nH0  •  ,  c-p  ,  op 

pop 

•  ACHD  •  «  PC , np 

onn 

•  n  £  HP  •  ,  c"F  ,  HP 

«=■  NO 

n 

LOAD  HALFWnon 
LOAn  RVTF 
ADD  HAL^WODn 
FIJRTQACT  HALF'VOP^ 

MULTInLv  HALHiinon 

F»TVin^  HALri.ioon 

ADO  WITH  CApoy  halc'i'Ocp 

CUPTPACT  WITH  CAPpv  HALFvnon 

PljCH  FQOW  PQOGOAV 

DUCH  PVTF  INTO  ^TAr^ 

LOCAL  S T Pp A M  namp 

and  halfwopo 

c nvoAPr  LOGICAL  hAl^W^^^ 

Od  MALtr’*,nPD 
FXCLUSIV/F  OP  HALF  WOP  ^ 

LOAD  HAL  ^WOPn 

LOAD  PVTP 

ADD  HALFWOPD 

SUBTPACT  HALFWOPD 

^UL T  I  DL  v  HALnvoon 

D  T  V  I  nr  HALFw/nop 

Ann  WTTH  CAqdv  HALrv/Aon 

FUPTPACT  WT^H  TAOPy  HAL(r'»,non 


> 
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KWM  {  NOF  X  I!  STING 

1  *“>/••>  1  /ft- 

OS : 52 :2ft 

- £E.*datiQ_4!iD_IEXI _ mil _ 


Asrc»iSK  i  *  ) 


l 
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ALPHABETIC  I  1ST  HP  MNEMONICS  31 

G  A  NO  L  SYMBOLS  3 

MWPMONTCS  AA'O  V  AIDES  2S 

asterisk  (  *  )  3 


OPERATION  COOES  OF  TYPF  l 
OPERATION  COOES  OF  TYPR  ? 
QPFPATIOM  COOES  OF  TYPE  3 
opr  d  a f i dm  COOES  OF  TYPE  & 


COMMENTS  FIFLO  S 

Of  (  OFF  INF  CONSTANT  I  H 

OATA  F  f  Cl  0  4 

OATA  TYPES  ? 

or  <  offinf  constant  i  13 

or.  (  OFF  INF'  CONSTANT  )  1 3 

OS  (  OFclMF  ST  or  AGF  )  13 

0po  (  OOFPATION  OFFINITION  )  IS 

son  (  SFT  OUTPUT  n F V T C E  )  13 

Sin  (  SFT  INPUT  OFVICF  )  IB 

OS  f  OEFINF  STORAGF  )  13 

f  NO  14 

FQ'J  I  FOIJALS  )  14 

EOU  (  rO'JAlS  I  14 

e  y  A  Mp|  PS  21 

EXPRESSIONS  ft 

r  0  MMF  NT  S  FIFLO  S 

OATA  fiflo  4 

OP  F I FL n  4 

tor  FIFLO  4 

TORMAL  SYNTAX  29 

FORMATS  4 

G  A NO  L  Symbols  3 


7 


t 


t 
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KWIC  T*'OFX  LISTING 


|  0/0]  /to 

9  5  t  5  ?  I  **  o 


> 


i 


* 


t 


( 


- H£i'iDEQ_A^D_I£lI _ lNQFx 

^rOISTPP[nfNTfc]CD<;  7 

I  n  T  °S  YNC  0  ASI  FS  l  o 

tnofx  70 

TNO'IT  |o 

SJO  (  c,rT  i  mpi  |  t  nrv/jr.F  )  1H 

INSTRUCTIONS  0 

I  N  T  F  G  F  D  S  ~> 

t  nt  RnnifT  i  nM  i 

9  anh  l  svmrpi.s  7 

I  AN'il  I  AGF  ?(■ 

ALPHABETIC  L 1ST  OF  MNEMONICS  91 

MJMewyf  |  frT  pc  '^cMDNirS  7C 

l  nr  f  j  c|  n  4 

MFSSAGFS  IQ 

A  l  PMAO F  T 1  f.  LIST  r]F  MMF  MOM  T  CS  7’ 

MiiMf.pfr  i  t s t  nr  mnemonics  ts 

YAjF  MPN ICS  AA'P  '/AlOES  ?• 

MUNjrwic  lTcT  OF  *j»NF  I  C*»  li; 

A I pha RF T I r  LIST  nr  «NrMpM]rs  7! 

NIJMFU’  1  r.  LIST  'P  H-MFMpM  I  fs  *• 

p pt n a ti i\n  rooer  r,«-  ;vnr-  i 

1  rri)ATM»N  r.M'rs  nr  typt  7  jn 

|7FDATIl'M  COn  F  S  MF  T  V  D  F  7  ]] 

i ’ or  p  a  T 1  r  NJ  r  por  s  nr  typf  4  ' 

no  c ] riP  4 

ppn  (  rjp  rp  AT  i  f]M  nEFlMlTfOM  »  1 

no  PRAT  TON  COOES  OF  TV°C  l  '» 

^ P  r  p  at  I  nM  mncS  OF  T  Yn  1  ">  }  " 

HOF  o  AT  T  PM  C'OFS  OF  TYPE  9  L! 

OPFP  AT  T  flN  CU9FS  OF  TYOF  4  1? 

ntn  {  nproATTPO  pFfTN!TIPN  )  IF 

nor,  (  hr  igi*'  )  i  a 

O'?  n  (  pr  i  n  t  \i  j  u 

OUTFIT 

SOP  (  srr  PttTO'lT  Dfvrr-  1  in 
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KWT  C 

TMOFX  LIFTING 

KEYWORD  AND  TEXT 

10/0] /69 
05:52:23 

iuhex. _ 

4 

4 

PFcjon-OPFRAT IONF 

1  3 

F 

pi  IT 

i* 

PFGISTFR 

IQENT  FFIFPS 

3 

S  Sv YROI  F 

2 

STO  ( 

S  F  T  IMPIIT 

DEVICE  ) 

13 

s  m  ( 

8 F T  OUTPUT  0EV1CF  ) 

13 

SfO  (  S c  T 

INPUT  DFVIC.E  ) 

13 

CRD  (  SFT 

OUTPUT  DFVICF  ) 

1« 

(  ofptnp 

STRRAGF  ) 

1  ? 

s 

SVMRRLS 

2 

S  Y  M ^oj_  s 

7 

R  AND  L 

SVMRRLS 

j 

r  ro  M  AL 

S  V  NT  A  X 

29 

^r*r  0M  C^nFS  HF 

T  Y  °  r  l 

9 

o  p  t-  □  a  r  f  n  v  r  n  n  p  s  n  f 

T  VPC  ? 

10 

1 

noc  A  T  T  MM  rnncc;  qc 

T  Y  P  c  1 

11 

nor  o  \T  T  f)KJ  CROPS  OP 

T  Y  p  r  A 

12 

DATA 

TVPPS 

2 
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